ABSTRACT. Shigellosis in children can cause growth retardation, worsening of malnutrition, and hypoproteinemia. To assess the effects of ingestion of a protein-rich diet during convalescence, 22 children aged 2 to 4 y with culture-proven shigellosis were randomly assigned after 5 d of antibiotic treatment to 21-d feeding regimens of either a 150 kcal/kg/d high-protein diet with 15% of calories as protein or an isocaloric control diet with 6% of calories as protein. At the start and end of dietary treatment, weight, height, mid-arm circumference, skinfold thickness, serum protein concentrations, and serum IGF-I were measured. Means of weight gain and increases in mid-arm circumference were greater in children fed high-protein diets than those fed control diets (1.23 versus 0.76 kg; 1.40 versus 0.96 cm; p < 0.05). Mean increase in height in children fed high-protein diets (0.83 cm) was not significantly greater than with control diets (0.74 cm). Mean increases in serum concentrations of total protein, prealbumin, and retinol-binding protein were greater in the high-protein group than in controls ( p < 0.05). Mean serum concentrations of IGF-I were low in both groups before treatment [4.2 f 2.6 nmol/L (31.9 f 19.6 ng/mL) in controls; 3.1 f 3.4 nmol/L (24.0 f 26.3 ng/mL) in the high-protein group] but increased more in the high-protein group 139.0 f 16.2 nmol/L (298 f 124 ng/mL)] than in the control group 116.7 f 9.2 nmol/L (128 f 70 ng/mL), p < 0.011. These results suggest that high dietary protein is more effective than a normal protein intake in repleting body proteins and in stimulating growth after shigellosis in children. A possible mechanism for this stirnulatory effect on growth may be through the restoration of IGF-I. The World Health Organization advised continued breastfeeding and feeding of weaning diets during diarrhea (3). These recommendations apply mainly to watery diarrheas affecting the small intestine, and less attention has been given to shigellosis and other infections affecting the colon (4). Furthermore, no recommendations are available regarding feeding during the recovery period.
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The World Health Organization advised continued breastfeeding and feeding of weaning diets during diarrhea (3). These recommendations apply mainly to watery diarrheas affecting the small intestine, and less attention has been given to shigellosis and other infections affecting the colon (4). Furthermore, no recommendations are available regarding feeding during the recovery period.
Catch-up of lost growth is desirable during and after acute infections. Whitehead ( 5 ) calculated that a 7-kg child needs 25% more calories for catch-up growth than for normal growth (about 150 kcal/kg/d), and the percentage of calories supplied as protein needs to be nearly doubled (to more than 1 1 %). The duration of intensive feeding needed for growth catch-up was estimated to be about three times longer than the preceding acute disease, because the anabolic phase of recovery is assumed to last three times longer than the catabolic phase of disease (I).
In addition to growth impairment, infections and malnutrition lead to reductions in serum protein concentration. In Bangladesh, serum protein concentrations in children with severe shigellosis are about half of the normal values (6). Diets with higher protein content may have a beneficial effect to increase the rate of albumin synthesis, thus raising the serum albumin and protecting children against symptoms of malnutrition (7).
In the following study, children recovering from acute shigellosis were fed a high-protein diet and were compared with a control group fed an isocaloric diet with less protein. The role of hormonal control of catch-up growth was examined by measuring serum IGF-I, which is a mediator of growth hormone and known to rise in patients after dietary repletion with calories and protein (8).
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RESULTS
Characteristics of children before dietary intervention. The 22 children in the two study groups were comparable in regard to male preponderance, species of Shigella infections, and mean weight of stool passed on the first hospital day (Table 1) . There was a trend toward patients in the high-protein group being older, heavier, and taller, but these differences of means were not statistically significant ( p > 0.05). Z-scores for weight and height indicated that ratios for both groups were lower than for National Center for Health Statistics controls. The means of serum concentrations of total protein and albumin were comparable, but there were significantly greater mean concentrations of prealbumin and retinol-binding protein in the control group than the high-protein group ( p < 0.05). The mean values of serum IGF-I concentrations in both groups were lower than the mean value of 8.5 nmol/L (65 ng/mL) reported for normal US children of the same age (1 3). Children who were fed high-protein diets showed greater mean increases in body weight and height than children fed the isocaloric control diet (Table 2) , but only the difference in weight gain was statistically significant ( p < 0.025). Greater increases in mean concentrations of serum proteins were measured in children fed high-protein diets than in children fed control diets, with statistically significant differences demonstrated for total protein, prealbumin, and retinol-binding protein ( p < 0.05; Table 2 ). The increases in serum IGF-I were such that the mean increase + SD in the control group of 16.7 rt 9.2 nmol/L (128 + 70 ng/mL) placed this group at the upper limits of the normal range for normal US children of the same age. The mean increase in the children fed the high-protein diet of 39.0 f 16.2 nmol/L (298 + 124 ng/mL) placed them well above the normal range.
The magnitude of the increase in IGF-I concentration was greater in the children fed the high-protein diet (p < 0.01; Table 2 ).
DISCUSSION
Children fed the high-protein diet showed significantly greater increases in weight and mid-upper-arm circumference during the feeding period than children fed the control diet. Similarly, there was a trend toward greater increases in height and skinfold thickness in the group receiving the high-protein diet. Concentrations of total serum protein, albumin, prealbumin, and retinol- binding protein also increased more in the children fed the highprotein diet than in those fed the control diet. These results showing beneficial effects of a diet high in both caloric value and protein content on catch-up growth and serum proteins are consistent with dietary studies of malnutrition in Thai children (15) . The lesser degree of malnutrition among our patients, though they were not as severely malnourished as the Thai children, is probably more characteristic of children in developing countries. Although the high-protein diet did not produce significantly more height gain, it is possible that a longer period of dietary intervention or follow-up studies after hospital discharge would reveal significant differences.
We measured serum concentrations of IGF-I, a mediator of the growth-promoting actions of growth hormone that is responsive to repletion of calories and protein in malnourished patients (8), to determine whether this peptide might be involved in the faster growth of the children fed high-protein diets. Concentrations of IGF-I of both groups of Bangladeshi children before dietary intervention were lower than those for normal US children, indicating prior malnutrition or short-term nutrient deprivation due to their Shigella infection (1 6). IGF-I concentrations in children fed both diets rose significantly above normal values, indicating an over-response similar to that described in malnourished adults during nutritional repletion and return to positive nitrogen balance. (17) . The greater increases in IGF-I obhormone (25) . It is conceivable, therefore, that refeeding improved the synthetic capacity for IGF-I more rapidly than it improved tissue response to IGF-I. Against the possibility of IGF-I resistance, but not excluding it, is the finding that weight gain and statural growth occurred during the refeeding period. The serum concentrations of IGF-I are regulated by several binding proteins, and at least three of these peptides are modulated by nutritional status (26) . IGFBP-I11 is a likely candidate for change relevant to the events we have observed, because IGFBP-111, the major camer of IGF-I in serum, is reduced in diet restriction (27) . A dramatic increase in this peptide during refeeding could facilitate the rise observed in IGF-I. Studies of the changes in IGFBP in our patients are in progress and will be the subject of a future report.
Increased protein in the diet of patients recovering from shigellosis may also have a beneficial effect on the repair of injured intestinal mucosa. Patients with acute shigellosis are known to have protein-losing enteropathy (28) and sometimes show extensive inflammatory destruction of intestinal mucosa (29) . Studies to measure intestinal clearance of a-1-antitrypsin before and after dietary intervention will be needed to detect any improvement in the healing of the intestinal mucosa due to treatment.
On the other hand, efforts to promote protein synthesis and growth during recovery from shigellosis may be opposed by the acute phase reaction of inflammation. During acute inflammatory reactions, the liver shifts to synthesizing acute-phase reactant proteins, such as C-reactive protein, and decreases synthesis of other proteins, such as albumin and prealbumin (30) . Thus, the hypoalbuminemia and impaired growth rates associated with acute infections may be, to some extent, refractory to dietary treatment that is begun while inflammation is active.
In our patients, the serum concentrations of prealbumin and retinol-binding protein were more responsive to protein in the diet than was the albumin concentration. This may be explained by the fact that the former proteins have a high turnover rate, with half-lives of 1.9 d for prealbumin and 10 h for retinolbinding protein. In contrast, albumin has a half-life of 12-2 1 d (3 1). In Egyptian children with kwashiorkor, the serum concentrations of prealbumin and retinol-binding protein also increased significantly 2-4 wk after beginning dietary treatment (32) , and in premature infants the serum prealbumin was a more sensitive indicator of nutritional intake than was serum albumin (3 1).
These results indicate that dietary treatment of dysentery, and perhaps other infectious diseases, in growing children should include diets plentiful in protein. The quality of the protein provided in protein-restricted normal adults has been shown to regulate the serum concentrations of IGF-I (33). It is important, therefore, to determine which protein-containing foods will promote recovery most rapidly. In this study, the bulk of the excess protein was in the form of milk, eggs, and chicken. It will be useful to determine whether more readily available and economical vegetable proteins such as those derived from legumes will achieve the same effects as the animal proteins used in this study.
